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Introduction
Mountain ranges in the vicinity of Victorville, California ( fig. 1 ) contain extensive outcrops of volcanic, sedimentary, and plutonic rocks that hold important clues for reconstructing the Mesozoic paleogeographic and tectonic evolution of the western Mojave Desert. One significant outcrop area is centered around Black Mountain, 15 km northeast of Victorville, where two units of particular interest, the sedimentary Fairview Valley Formation and the overlying Sidewinder Volcanics, are well exposed. Several previous geologic mapping studies (Bowen, 1954; Dibblee, 1960 Dibblee, , 1967 Stone, 1964; Miller, 1977 Miller, , 1978 Miller, , 1981 and topical investigations (Walker, 1985 (Walker, , 1987 Schermer, 1993; Schermer and Busby, 1994; Schermer and others, 2002; Fohey-Breting and others, 2010) have shown that rocks exposed at Black Mountain provide an unusually complete record of Triassic and Jurassic events in the Mojave Desert region. Structural complexities and insufficient geochronologic data in the area, however, have precluded a complete understanding of the geologic history. Stone (2006) remapped the geology of the Black Mountain area primarily to clarify the stratigraphic and structural relations of the Fairview Valley Formation and Sidewinder Volcanics. During and after that study, several map units were sampled for uranium-lead (U-Pb) zircon geochronology and geochemical analysis. In this report, we present the resulting geochronologic and geochemical data to supplement the preliminary geologic map of Stone (2006) .
Geologic Framework
The Black Mountain area ( fig. 2 ) consists of Mesozoic and minor Paleozoic rocks (table  1) surrounded by alluvial deposits of late Cenozoic age. The area is transected by the Helendale Fault (Bowen, 1954; Miller and Morton, 1980; Aksoy, 1993) , one of several late Cenozoic, northwest-striking, right-lateral faults that make up the Eastern California Shear Zone (Dokka and Travis, 1990; Petersen and Wesnousky, 1994; Sauber and others, 1994) . This study focuses on the Fairview Valley Formation, Sidewinder Volcanics, and associated rocks exposed northeast of the Helendale Fault.
In this area (figs. 2 and 3), Paleozoic marble and calc-silicate rocks (units |m, |mc; fig.  4A ) are intruded by late Early or early Middle Triassic monzonite (unit ^m) that Barth and Wooden (2006) Bowen (1954) , Dibblee (1960), and Stone (1964) , but not by Miller (1977) or Stone (2006) .
The Fairview Valley Formation is overlain by a thin, unnamed sequence of sedimentary rocks (units Jvc, Jslc, Jch, Jqs) mainly composed of conglomerate and sandstone. The basal contact of this sequence is an angular unconformity that cuts westward and down section across unit 5, unit 4, and the upper part of unit 3 of the Fairview Valley Formation (figs. 2 and 3). Angular relations across the unconformity indicate that the Fairview Valley Formation was tilted about 35° eastward before deposition of the overlying strata. The western exposed part of the unconformity is bent to a northwesterly trend, in general alignment with bedding in unit 3 of the Fairview Valley Formation. The strata just below this part of the unconformity, however, are complexly folded into an inverted antiform, and the unconformity itself appears to be overprinted by a fault that truncates the northeastern limb of this fold ( fig. 2) .
The quartz-rich sandstone (unit Jqs) that caps the thin sedimentary sequence is overlain by the oldest rocks of the Jurassic Sidewinder Volcanics ("northern sequence" of Stone, 2006) (figs. 2 and 3). The dominant unit (Jsnr) of this sequence, a rhyolitic ignimbrite ( fig. 4G ) that Schermer and Busby (1994) called the tuff of Black Mountain, was dated as late Early Jurassic (181±3 Ma) by Fohey-Breting and others (2010) . The upper part of the northern sequence includes feldspathic sandstone and conglomerate (unit Jsns), quartzose sandstone (unit Jsnq), and finely laminated volcanic rocks (unit Jsnl) distinct from the rhyolitic ignimbrite (table 1) . Bodies of intrusive andesite (unit Jia) cut the northern sequence in several places (figs. 2 and 3).
Faults separate the stratigraphic succession described above (Triassic monzonite, Fairview Valley Formation, and northern sequence of the Sidewinder Volcanics) from a complex assemblage of younger rocks that also are assigned to the Sidewinder Volcanics (figs. 2 and 3; table 1). Massive to weakly stratified, dacitic to rhyolitic rocks make up most of this assemblage. The relatively coarse grained (crystal-rich) rocks of units Jsdc and Jsdcq (figs. 4H and 6A-B) are ignimbrites that Schermer and Busby (1994) and Schermer and others (2002) assigned to their Middle Jurassic (~163-164 Ma) tuffs of Sidewinder Mountain and Turtle Mountain. An ignimbrite sample from unit Jsdc was dated at 164±2 Ma during this study. An associated fine-grained (crystal-poor) unit (Jsdf) could be either intrusive or extrusive. Also present are laminated rhyolite (unit Jslr) and conglomeratic rocks (unit Jscg). The younger Sidewinder rocks are intruded by undated quartz porphyry (unit Jqp, fig. 6C ). All of these rocks, including the quartz porphyry, are intruded by Late Jurassic (153±3 Ma; this report) quartz monzonite porphyry (unit Jqmp, fig. 6D Bedrock outcrops southwest of the Helendale Fault are mostly granitic rocks of Cretaceous and (or) Jurassic age (unit KJg), which we did not examine in detail. In addition, however, Triassic monzonite (unit ^m), crystal-rich dacitic tuff of the Sidewinder Volcanics (unit Jsdc), and a thick felsic dike (unit Jfd) locally crop out adjacent to the fault. The presence of these rocks, particularly the Triassic monzonite ( fig. 2 ), appears to limit right-lateral offset on the Helendale Fault to about 1 km or less (Miller, 1977) . Table 2 lists and describes the twelve samples for which geochronologic and (or) geochemical data are presented in this report, and figure 2 shows the sample localities. Also shown on figure 2 are the localities of sample BM2 of Barth and Wooden (2006) and sample BM15 of Fohey-Breting and others (2010), which are discussed below.
Samples for Geochronologic and Geochemical Analysis

Geochronologic Data Methods
The uranium-thorium-lead (U-Th-Pb) analyses reported here were carried out on the U.S. Geological Survey (USGS) SHRIMP-RG (Sensitive High Resolution Ion MicroProbeReverse Geometry) ion microprobe at Stanford University. Zircons were separated from 2-5 kg samples of sandstone and igneous rocks using standard processing techniques. Individual zircons from mineral separates were mounted in epoxy, polished, and coated with gold prior to analysis. Homogeneous spots in the interiors of detrital zircons were analyzed based on cathodoluminescence (CL) and reflected light photomicrographs, without attempting to sort by grain size or shape. Relatively homogeneous spots within compositionally zoned zircons from igneous rocks were selected based on CL images. A small number of zircon grains in igneous rock samples 846 and 949 yielded statistically younger 238 U/ 206 Pb ages than the main populations, presumably due to loss of radiogenic Pb, and were excluded from the age calculations.
Igneous Units
Zircons from five igneous units in the Black Mountain area were analyzed. The sampled units are (1) monzonite (sample BM2, unit ^m), (2) rhyolitic tuff of the northern sequence of the Sidewinder Volcanics (sample BM15, unit Jsnr), (3) coarse-grained (crystal-rich) dacitic tuff of the Sidewinder Volcanics (sample 840, unit Jsdc), (4) a dike of intermediate (monzonite to quartz monzonite) composition (sample 846, unit Jid), and (5) quartz monzonite porphyry (sample 949, unit Jqmp). Analytical data for samples 840, 846, and 949 are presented in table 3 and depicted graphically in figure 7. Data for samples BM2 and BM15 are presented by Barth and Wooden (2006) and Fohey-Breting and others (2010) , respectively, and are not included here.
Monzonite (Unit ^m)
Analysis of 12 zircon grains from sample BM2 yielded a weighted mean age of 244±2 Ma for the Triassic monzonite (Barth and Wooden, 2006) . Previous age determinations for this unit using thermal ionization mass spectrometry (TIMS) of bulk zircon fractions ranged from 241±2 to 243±2 Ma (Miller and others, 1995; Barth and others, 1997) . The preferred age of 244±2 Ma straddles the currently accepted Early to Middle Triassic boundary of 245.0±1.5 Ma (U.S. Geological Survey Geologic Names Committee, 2010; Walker and Geissman, 2009 ).
Sidewinder Volcanics, Rhyolite of Northern Sequence (Unit Jsnr) Analysis of 10 zircon grains from sample BM15 in the rhyolite unit (tuff of Black Mountain of Schermer and others, 2002) yielded individual ages of ~167-184 Ma and a coherent group of 7 grains with a weighted mean age of 181±3 Ma (late Early Jurassic), the interpreted magmatic age of the sample (Fohey-Breting and others, 2010). This age is comparable to a TIMS age of 179.4±3.4 Ma reported by Schermer and others (2002) for rocks they assigned to the tuff of Black Mountain 6 km east of the present study area.
Sidewinder Volcanics, Dacitic to Rhyolitic Rocks, Coarse-grained (Crystal-rich) Facies (Unit Jsdc) Analysis of eight zircon grains from sample 840 yielded a weighted mean age of 164±2 Ma (late Middle Jurassic). Schermer and others (2002) assigned the sampled rocks to their 164-Ma tuff of Sidewinder Mountain. Our data are consistent with this correlation but also would be consistent with correlation to the lithologically similar 163-Ma tuff of Turtle Mountain of Schermer and others (2002) . We infer the sampled rocks to be juxtaposed against the Fairview Valley Formation by a fault that is intruded by a felsic dike (unit Jfd; fig. 2 ), an interpretation previously suggested by Miller (1977) .
Intermediate-composition Dike (Unit Jid)
Analysis of 10 zircon grains from sample 846 yielded a coherent group of 9 grains with a weighted mean age of 154±2 Ma (Late Jurassic). The age calculation excluded the youngest analyzed grain, which is presumed to have undergone Pb loss. The sampled dike is cut by a felsic dike (unit Jfd) a short distance south of the sample locality ( fig. 2) , consistent with the ~152 Ma age reported for another felsic dike in the study area by Schermer and others (2002) .
Quartz Monzonite Porphyry (Unit Jqmp)
Analysis of 14 zircon grains from sample 949 yielded a coherent group of 11 grains with a weighted mean age of 153±3 Ma (Late Jurassic). The age calculation excluded the three youngest analyzed grains, which are presumed to have undergone Pb loss. Because the ~153 Ma age of this sample is within analytical error of the ~154 Ma age of sample 846, it is possible that the quartz monzonite porphyry (unit Jqmp) and the intermediate-composition dikes (unit Jid), which are lithologically similar, were emplaced during the same intrusive event. The zircon analysis also shows that the quartz monzonite porphyry may be only slightly older than the ~152 Ma felsic dike that cuts it ( fig. 2 ), although the dike could be as young as 146 Ma based on the reported analytical error of ±6 Ma (Schermer and others, 2002) .
Sedimentary Units
We analyzed detrital zircons from one arkosic sandstone sample (178) in unit 2 of the Fairview Valley Formation (JfvF), two arkosic sandstone samples (129 and 159) in unit 3 (JfvG), and one sample (215) in the overlying quartz-rich sandstone unit (Jqs). We measured the ages of 24-50 randomly selected grains from each sample, sufficient to broadly characterize the age distribution, but not sufficient to ensure that all minor age populations were identified. Analytical data are presented in table 4 and depicted graphically in figure 8.
Fairview Valley Formation
We analyzed 50 detrital zircon grains from sample 129, 24 from sample 159, and 30 from sample 178. All three samples are dominated by Paleoproterozoic grains with ages between about 1640 and 1750 Ma (75 percent in sample 129; 56 percent in sample 159; 60 percent in sample 178). The remaining grains are mostly Mesoproterozoic to latest Paleoproterozoic in age (~1022-1632 Ma). In addition, however, sample 178 contains one Permian grain, one Triassic grain, and most significantly, 7 grains (23 percent) of Early Jurassic age (~191-198 Ma). These 7 grains constitute a statistically significant population (coherent group) that yields a weighted mean age of 194±2 Ma. We consider this to be a reasonable estimate of the maximum depositional age of unit 2 of the Fairview Valley Formation, assuming that all 7 grains represent a single igneous source rock.
Quartz-rich Sandstone Unit (Jqs)
We analyzed 25 detrital zircon grains from sample 215. This analysis yielded a heterogeneous distribution of ages, including Archean (2 grains), Paleoproterozoic (5 grains), Mesoproterozoic (9 grains), Neoproterozoic (5 grains), Paleozoic (2 grains), and Jurassic (2 grains). These ages do not precisely limit the maximum depositional age of the sandstone unit, but the two Jurassic ages of 172±2 and 185±4 Ma are within the range of ages reported by Fohey-Breting and others (2010) for individual zircons from the overlying rhyolite of the Sidewinder Volcanics (sample BM15). Thus, it is likely that the sandstone unit is not significantly older than the rhyolite.
Provenance
The predominance of Paleoproterozoic zircons in the samples from the Fairview Valley Formation is consistent with derivation of detritus from local crystalline basement rocks (Wooden and Miller, 1990; Barth and others, 2009) . By contrast, the more heterogeneous distribution of ages in the overlying quartzose sandstone unit is similar to that reported by Dickinson and Gehrels (2003) (Barth and others, 2004; Spencer and others, 2011) .
Geochemical Data
Whole-rock X-ray fluorescence (XRF) analyses of seven samples of igneous rocks from the Black Mountain area were performed in December 2006 at Michigan State University using a Bruker S4 Pioneer spectrometer. These analyses provide a general idea of the composition of selected map units for comparison with rocks of the Sidewinder Volcanics previously analyzed by Fohey-Breting and others (2010) . Data from our analyses are presented in table 5, and selected data are plotted graphically ( fig. 9 ) on a total alkali-silica (TAS) diagram (Best and Christiansen, 2001; LeMaitre and others, 2002) and the cation plot of Jensen (1976) .
Four samples are from Middle Jurassic dacitic to rhyolitic rocks of the Sidewinder Volcanics. Two of these samples (840, 1072) are from the coarse-grained facies (unit Jsdc) and one sample (1435) is from the coarse-grained facies with abundant quartz (unit Jsdcq). These three samples plot on or just above the trachydacite-dacite boundary on the TAS diagram and on or near the tholeiitic rhyolite to calc-alkaline dacite boundary on the Jensen plot ( fig. 9 ). By contrast, sample 1104 from the fine-grained facies (unit Jsdf) is of rhyolitic composition. The other three samples are from fine-grained to porphyritic intrusive units that are closely associated with Sidewinder volcanic rocks. On the TAS diagram these samples range in composition from andesite (sample 1250, unit Jia) to borderline dacite/rhyolite/trachydacite (sample 949, unit 
Paleozoic to Jurassic History
During the Paleozoic the Black Mountain area was part of the western North American continental shelf, where carbonate strata accumulated in shallow marine water (Miller, 1977 (Miller, , 1981 . In late Early or early Middle Triassic time (~244 Ma), the Paleozoic rocks were intruded by a monzonite pluton that was part of the nascent Mesozoic magmatic arc of western North America (Barth and others, 1997; Barth and Wooden, 2006) . The Triassic arc is thought to have developed after truncation of the Paleozoic miogeocline along a northwest-striking, sinistral fault zone at the edge of the continent (Stevens and others, 2005) . Deformation and metamorphism of the Paleozoic strata preceded magmatism (Miller, 1977 (Miller, , 1981 .
Exhumation of the Triassic monzonite was followed by Early Jurassic deposition of the Fairview Valley Formation. Detrital zircons from the Fairview Valley Formation indicate that deposition began no earlier than about 194 Ma. The abundance of conglomerate and the lack of in situ marine fossils suggest a nonmarine or marginal marine depositional setting (Miller, 1978; Schermer and others, 2002) . Arkosic sandstone in the lower and middle parts of the formation was derived from local Proterozoic crystalline rocks and subordinate Early Jurassic volcanic rocks. Massive conglomerate in the upper 500 m of the formation probably represents alluvialfan deposits close to an uplifted source area of Paleozoic limestone.
After deposition, the Fairview Valley Formation was tilted eastward, eroded, and unconformably overlapped by a thin sedimentary sequence that includes conglomerate and quartz-rich sandstone. The presence of conglomerate suggests a nonmarine depositional environment. The provenance of the quartz-rich sandstone was distinct from that of arkosic sandstone in the underlying Fairview Valley Formation, but comparable to that of contemporaneous eolian sand sheets represented by the Navajo Sandstone on the Colorado Plateau (Schermer and others, 2002) .
Deposition of the quartz-rich sandstone was closely followed by the extrusion of rhyolitic ignimbrite that constitutes the oldest part of the Jurassic Sidewinder Volcanics (tuff of Black Mountain) at about 181 Ma. Voluminous late Middle Jurassic (~163-164 Ma) dacitic ignimbrites (equivalent to the tuffs of Sidewinder and/or Turtle Mountain) were extruded later, although the stratigraphic relations between these ignimbrites and the tuff of Black Mountain are obscured by faulting. Late Jurassic magmatic activity in the area included the intrusion of northwest-striking dikes of felsic to mafic composition and a pluton of quartz monzonite porphyry between about 152 and 154 Ma.
Regionally, the Sidewinder Volcanics are interpreted as a nested caldera complex that includes four successive, widespread ignimbrites ranging in age from ~181 to ~151 Ma (Schermer and Busby, 1994; Schermer and others, 2002; Fohey-Breting and others, 2010) . The Sidewinder Volcanics and the associated Jurassic intrusive rocks formed as part of a northwesttrending Andean arc that extended the length of the western North American continental margin (Tosdal and others, 1989; Saleeby and Busby-Spera, 1992; Barth and others, 2008) .
Middle(?) and Late Jurassic deformation of rocks in the Black Mountain area included northward tilting, faulting, and folding. Many details of the structural chronology remain unclear, and conflicting interpretations have been proposed (Miller, 1977; Schermer, 1993; Schermer and others, 2002) . Most of the deformation, however, likely predated intrusion of the Late Jurassic dikes, although Schermer (1993) and Schermer and others (2002) interpreted the folding to be younger. Some faulting postdated intrusion of ~153 Ma quartz monzonite porphyry and predated intrusion of the ~152 Ma felsic dike dated by Schermer and others (2002) , and other faulting could be even younger. (Schermer and others, 2002) followed faulting that postdated intrusion of the ~153 Ma quartz monzonite porphyry. The geochronologic data presented in this report, together with new geochemical data for selected rock units, supplement the geologic map of Stone (2006) Research, v. 95, no. B12, p. 20, 146 . . Photographs of stained slabs from selected igneous rock units, Black Mountain area. Potassium feldspar was stained yellow using sodium cobaltinitrite; plagioclase was stained red using amaranth. Quartz is unstained. A, crystal-rich dacitic tuff, Sidewinder Volcanics (unit Jsdc). Angular plagioclase phenocrysts (stained red) and other grains in a felsic groundmass. B, crystal-rich dacitic tuff with abundant quartz, Sidewinder Volcanics (unit Jsdcq). Large, embayed quartz phenocrysts (dark gray) and angular plagioclase phenocrysts (stained red) in a felsic groundmass. Angular texture of plagioclase crystals in A and B is ascribed to fragmentation during explosive venting of magma. C, quartz porphyry (unit Jqp). Quartz phenocrysts (gray) in a felsic groundmass. D, quartz monzonite porphyry (unit Jqmp). Plagioclase phenocrysts (stained red) and clots of mafic minerals (black) in a felsic groundmass. (table 3) were excluded from the calculations of weighted mean age; we infer these grains to have undergone minor Pb loss. . A, total alkali-silica (TAS) plot (Best and Christiansen, 2001; LeMaitre and others, 2002) . B, Jensen cation plot (Jensen, 1976) . Analytical data normalized to 100 percent (volatilefree) with all Fe as FeO. 
